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This report deals with a larcjo scale field cxperiim.*nt, which 
was arranged i:i support of the Nimbus G - Coastal Zone Color 
Scanner (CZC3) project. The purpose of this experiment was to provide 
three air- at:d two shipbornc platforms simultaneously to members of the 
Nimbus G Exixsriment Team (NET) and to other scientists in order to 
collect data from common test sites. Besides establishing fundamental 
relations between the light in the sea and the biocliomical properties 
of water, these data will be used mainly for the develo|xnent of 
algorithms during the pre-launch phase of Nimbus G. 


2. !<£i?9T5_5§N§iy9_9r_wAXER_coLour< 

2.1 The water colour problem 

(J) The colour of water as seen by a remote observer is one 
of the most obvious parameters of our la)(es and oceans, and therefore 
numerous attempts to measure the upwelling radiation with the aid of 
spectral radiometers and multispectral scanners from low and high altitude 



platforms have Ixjon reported in tlie past. 


Willie Bcunc of theac water colour aensors wi‘ie aucceaaful in 
recognizing and mapping very distinct featuies, o.g. acid dumps, oil 
slicks, bottom reflections, and high sediment and silt loads near 
river discharges, much research is still needed in otder to relate 
such parameters as piijment, yellow-stuff and sediment concentrations 
in different tyjit'S of water In a more quantitative way to the radiation 
as detected from multisiioctral sensors on future spacecraft. 

(ii) Any colour sensor oficraleB on the pi inciple that the 
upwelling sjiectral radiance from the water is modified by absorbing 
and scattering substances in the water, and that by selecting the 
profior spectral channels, subtle I'hanges in the six'ctra can lx* useil to 
determine the presence and the concontrut ion of tlu-sc substances. 

(iii) In reality the contribution of the water subsurface 
signal occufdes only a small fraction of the total upwelling radiation. 
More than 80 % of the total irradianco at the leceiver is due to sky 
luminance resulting from Kayleigh and Mio scattering within the FOV. 
Furthermore, the ladiation, which falls onto the water is not constant 
duo to atmospheric effects and due to changing incid«*nt sun angles. 

The sea signal comprises the remaining 20 t of the iriadianco. This 
ccxigionent originates from t lie int»*r.ictions of the ilownwelling light 
fielii with the ocean surface, the water itself .ind the ocean floor. 


Variations anil interactions amc'ng these thiee components are extensive 
and difficult to predict, dejiendituj on the sea state, water clarity, 
water depth, etc. 


2.2 The Nimbus C./CZCS 


0KU;iNAL TAGK IS 
OF PfKiH 


(i) Ttie czes is the fust spaceborne m;i 1 L ispect ral sc.inner 


operating in tho visible and in the infraiod spectral region, which 
has bcea specifically designed for the remote sensing of water. Tho 
six spectral channels arc listed in Table 1. 


Channel 

Centre 

Wavelength 

Half 

Width 

Observation 

1 

443 nm 

20 nm 

Chlorophyll Absorption 

2 

520 nm 

20 nm 

Chlorophyll Correlation 

3 

550 nm 

20 nm 

Yellow Stuff 

4 

£■’0 nm 

20 nm 

Chlorophyll Absorption 

5 

750 nm 

loo nm 

Surface Vegetation 

6 

11,5 • 

2 M 

Surface Temperature 


TABLE 1 : CZeS SPECTRAL CHANNE1.S 


Channels 1-4 will have selectable gain settings to allow for sun angle 
variaLions during the year. Channel 5 has only one gain setting as it 
is for use over land. (This gain will be comparable to that of MSS 
channel 6 on Landsat, but adjusted for the high noon ascending node 
orbit of Nimbus G.) Channel 6 uses the best atmospheric window foi 
day and night ocean surface tem^xirature mapping. 

Tho IFOV of the scanner is 0,05 degrees, which equates a sea level 
square of 825 meters on a side from the nominal orbital altitude of 
955 km. The active portion of the scan is 78,7 degrees, wliich produces 
a cross track swath of 1566 km. The scan rate and IFOV size arc such 
that each swath overlaps the preceding one by about 25 per cent. 

The scanner mirror is capable of being tilted forward and backwards 
by plus or minus 20 degrees line of sight about the spacecraft pitch 
axis in 2 degrees increments. This movement is commandable and is used 
to avoid sun glint. 

ORIGINAL I’AGi: L 
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(il) The most im|>ortant orbital parainotcra of Nimbus C 
arc listed in Table 2. 


Expected launch date 

t 

31 August 1978 

Orbit 

: 

sunsynchronous, polar 

Inclination 

: 

99,3® (to west) 

Height 

: 

955 km 

Period 

1 

104 min 

Orbits/Day 


13,8 

Precession/Orbit 

I 

26® (westwards) 

Precession/Day 

• 

• 

4,55® (westwards) 

Repeat cycle 

: 

79 orbits, 5,7 days 

Ascending Node Time 

: 

12 noon 

S/C Forward Motion 


6,4 km/s 


TABLE 2 : NIMBUS G ORBITAL PARAMETERS 

The Gulf of Mexico is an extremely voll-studied area. The entire 
basi:i forms a scmiclosed system with occai.ic input through the Juratan 
Channel and outflow through the Straits of Klorid.i. Run-off from about 
two-thirds of the area of the USA and more than half the area of Mexico 
empties into the Gulf. This large amount of run-off is mixed into the 
surface water of the Wi-stern Gulf and makes the chemistry of parts of 
this system quite different from open ocear» areas. 

Surface current patterns and deep-water spreading are largely determ.ned 

by tojxjgrajihy . Water enters fjom tlie Caribbean ov»-r the 1800 m sill of 

the Jucatan Ciiannel and leaves through the Straits of Florida with a sill 

depth of 600 m. This current has a velocity of 60-200 cm/s and trans- 

6 3 

jjorts about 30 x lO m /s . Generally, a spring intrusion of water 
intensifies througii the summer into a pronounced loop extending nortli- 


f 



%M>stward into the Gulf. In late summL'r this loop Bumt'tlmes Ix^comes a 
se{>arate eddy dotachinq from the main current and drifting wcstwaidti. 

For summer conditions (due to larger evaporation), the distribution of 
surface salinity is usually different fi<xn that during winter months. 

In t)ie Eastern Gulf the salinity distribution is modified by the 
seasonally de|K>ndcnt loop current. In the North-Wi'st Gulf the salinity 
giadicnt is determined by the amount of run-off, wiiich varies all the 
time. 


4. T5ST_SITES_ANtJ_CKUlSE_ri,^ 

4.1 Platforms 

Thi< following platforms were availa)>le liuriiuj this field 
experiment . 

Aircraft 

(i) U-2, flying at high altitude (19,8 Km); 

(ii) Lear Jet, flying at tmMiium altitude (apj^rox. 4 km); 
iiii) Cessna, flying at low altitude ( 3(K) m) . 

Ships 

(i) "Gyre", belonging to the Texas A and M University. Chief scientist 
on Ixiard was Prof Dr S.Z. El-Sayed. 

(ii) "Researcher", U>longing to Nt^AA. Clticf scientist «>n board was 
Dr C. Maul. 

4.2 Criteria for Test Site Selection 

The test sites were selected wi tii regard to t)ie following 


crit er ia : 


oKUUNAL 
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(1) They should include different typ< s of water with eiti|4iasi8 on 
areas with outstanding features, 1 ike e.y., dump sites, river 
discharges, u{>vn> 1 lings, etc. 

(ii) Whenever I'osslble they should be within the n|>erdtiun range of 
the aircraft used, i.e. relatively close to the U.S. coast. 

(lii) They should include at least the boundary o( a warm, anticyclonic 
gyre, mentioned in section 3 of this rc|)ort. 

(iv) Tlioy should (>ermit joint oiwration of the "Gyre" and the 
"Researcher" in some areas. 

(v) Any sclicdule should be flexible enough to allow for bad weather 
conditions but also for nx>bility in case any unusual features 
should be discovered durimi flight oj>i.*rat ion . (The latt€»r 
requirement was made possible diio to a good eommuni cat ions 
system not only between the two ships bet esiHJcially Lx*tween tlie 
ships and the different air bases from where the aircraft were 
oih; rated. ) 

4.3 Cruise Plan 

The cruise pattern (Fig. 1) was planned in consideration of the 

remarks in section 4.2 and induiled the followint stations: 

Outside Galveston (equipment shake down) 

Galveston dump site 

* Dry Tortugas 

* T.unpa Day 

* Apalachee Bay 

‘ Mississippi River Delta 


Deep Water 



Cami>ocho Banks 


(* Joint "Gyre" and ** Researcher * operations) 

As a result of "green** water spotted by the Cessna pilot, another 
station (* North of Tampa Bay) was added. 

Due to bad weather conditions, none of the optical instruments were 
deployed at t)ie station off the Dry Tortugas. 

Due to the nature of thu experiments, stations were occupied for most of 
the day, while travelling was done during the late afternoon and at 
night. 


5. 

5.1 General 

In spite of being dedicated to the remote sensing of water, 
a number of measurements were taken during thu cruise, which arc routine 
on any ocean-going research vessel. Since the main topics of this field 
experiment is water colour, only those exix^riments being directly relevant 
to this phenomenon are discussec* in more detail in this section. 

5.2 Airborno_ogui[>ment 

5.2.1 0-2 equitxnont 

'Die water colour payload of t )ie U-2 consists of tlie 
Ocean Color Scanner (OCS) and of four individually filtered Mitchell- 
Vinten Cameras. 


5 . 2 . 1 . 1 Ocean Color Scanner 

(i) The OCS is a lO-channel scanning radio- 
meter, which was do!;igned and built at 
NASA's Goddard Space Flight Center. Sir -o t)>o OCS was sj-ecifical ly 
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dcaicjned for the remote sensinq of water colour from hiqh altitude, it 
has beert used during the past in a large numtx'r of related miuoions. A 
slightly 'modified version of the existing OCS will also b>> flown on a 
mission of the S|)ace Shuttle during 1979. 

(ii) 'nie general instrunu>nt and platform 
paranx'ters are given in Table 3. 



Aircraft spi'cd 
Aircraft altitude 
IFOV 

Footprint 

FOV 

Scan rate (mirror upecd) 
Swath width 


t 201 m/s ( 390 knots ) 

s 1 9 , 6 km 

t 3 , 5 mr 

: 69,3 X 69,3 m 

: ^45® from nadir 

j 2,7 revolut ions/u 

: 39,6 km 


TADU; 3 : U-2/0CS SCANNER PARAMETERS 


The critical radiometric and sixictral parameters are listed in Table 4. 
When flown at the U-2's ojicrational altitmlo of 19,8 km, the OCS swath 
width is about 39,6 km and the footprint at nadir is approximately 
69 m x 69 m. The instrument utilizes a fully rotating scan mirror 
turning at a rate of 2,727 revolutions per second and viewing the earth 
through scan angles of _+45 degrees from nadir. 


Channel 

Number 

Centre 

Wavelength 

nm 

Half- 

width 

nm 

Slo{>c of 
cal ibration 
Function 
mw/cm^ sr iim V 

1 

431 

24,2 

7 , 298 

2 

472 

26,0 

5,984 

3 

506 

25,0 

3,853 

4 

548 

26,3 

2,365 

5 

586 

24,1 

1,810 

6 

625 

25,3 

1,4 30 

7 

667 

24,2 

1,110 

8 

707 

26,0 

,9049 

9 

738 

24,0 

11,52 

lo 

778 

26,1 

,6131 




TAPI.E 4 ; U-2/OCS SPECTIiAI. CMAtiNKl.S 






5 INCH DALL KIRKHAM 



600 line per mm GRATING 


1,0 mm FIELD STOP 
\ SHUTTER 


ACHROMAT 


Mr:NOOW 


SPHERICAL MIRROR 75-75 mm 


24 ELEMENT ^ 

FIBER OPTIC RECEIVER 


10 SILICON DETECTORS 


10 ORDER-ISOlATiNG 

filters 


0 OPTICAL relays 


OPTICAL 


P/CC3 




(1a 1) The optical system (Pig. 2) consists 

of a Dall-Kirkham tclescofM* (12,7 cm), 
an optical disperser, a optic receiver, and a cluster of lO Si 

photodiodes. The telescope images the scene into a 1 x 1 mm field stop, 
past a solenoid shutter and into an achromatic collimator, which couples 
into the dis{)erQez. The field stop sots the IFOV at 3,5 mr, and the 
shutter serves as calibration zero. 

T)ie spectrometer section consists of a plane diffraction grating (26 x 26 mm, 
-600 lincs/mm), a focusing mirror and an image tecciving head composed of 
24 fibre optic windows. The output of lO selected bundles is coupled to 
lO photodiodes by means of an optical relay. 

(iv) The outputs from 10 preamplifiers are 
sampled simultaneously by a lO-bit 

digitizer. After adding some housekeeping data, Uie digital signals 
are multiplexed and recorded on a 14-track tape recorder. 

5 . 2 . 1 . 2 Mitchell Vin to n camera 

In addition to the OCS, the ocean colour pay- 

load contains four Mitchell Vinton cameras using 

70 mm film. This film provides an additional means of identifying large 

scale features. In most flights, the cameras are loaded and filtered as 

shown in Table 5. 

The cameras are controlled by an intervalomoter , that can be set to 
expose a frame at varying intervals. With the 1,75" focal length lens 
normally used, coverage of a 13,9 x 13,9 nautical mile area is acquired. 
Overlap of approximately 50 % is normally used in the along-flight direction. 


Each frame of film is identified, as it is taken, by photographing a series 





Filter 

S|>ec?tral Hand 

Wratten 12 

510-7tx> nm 

Schott OG 

475-575 nm 

475 -t Schott BG 18 


Schott OC 


570 ♦ Schott DC; 38 

580- GHO nm 


400-700 nm 


Panatomi c-X 
Ptinatonii c-X 

Panatomic-X 

Aerial Color 
SO 242 


TABl,E 5 : SPECTKAL RESPONSE OF CAMERAS 

cf liijht cmittimj diodes in the maiijin of the film. The identity code 
contains fliqht numlK?r, aircraft identification, and tiie CMT time in 
hours, minutes, and seconds. 



5.2.2 Lear let enutt<ncnt 

{ i ) 'Fite water colt>ur payload of tiie L**ar Jet consists 

2 

essentially of t Ite Modular Multisixjctral Scanner (M S), winch is a 
multichannel scanrinq ra«lionu'ter desiqrieii and built I'y tiie Bi'ndix 
Aerospace Systems Division. The M^S was tlie first conunercial diqital 
mul t ispectral scanner flown. Today Bendix has j)ioduced cjver nine systems, 
including systems delivered to NASA and to customers in Euroix.', South 
Amc>rica and Asia. 

2 

(ii) Tiie M S can be op<;rated f i om an aircraft j'latfoim, 

2 

flying at altitudes of 3t'0 to UXXXt m. Typical M S platform param»‘ters 

* 

2 

are sliown in Talrle 6. As sliov'rr, tire M S collects data over a swatli width 
of 100° beneath tiie aircraft. In addition, a roll comi>ensation of _*10" 
is incorjrorated into tire system. The resolution of diqital data samj'les 
is set equal to the 1F(>V at 2,5 mr. Tire rotational sixjed of the scanner 


mirror is atijustable to provide the same data sample resolution in tiie 










I 
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Ait craft B|x‘od 
Aircraft altitude 
FiK>t print 
Swath width 


75 

1,25 

1,2 


ItX) 

4 

10 

9,0 


150 m/u 
lO km 
25 in 
24 km 


1 KOV 
KviV 


TABLE 6 


: 2,5 mr 

; ^50“ f rtim ritidir 

TYPICAL M^S OPER/iTlON CONDITK'NS j 


direction of flitjht , e.c|. fiom scan line to scan line over a V/ti rarujo 
of ,25 to ,025 r/s. 


(iii) Tile optical tiyrCi*m (Kii|. 3) consists of tlie 45" 
rotatiiu) miiioi, a 1) »1 1-Ki rkliain teleiico|ie witli an elteclive collect uni 
apertui*' area of t'5,2 I'm^. Tlie tlieim.il r.idiatinn is sep.irateil 1 1 om t lie 
villi lile/neai iiifiait'd one liy m<>ans of a dii’liioie ( i 1 Um . Tlie I ield stop 
is then im.Kjed I'lito a Si delecto*' .iiiay l>y two .ic arom.it ii- lin.ses. Tlii’ 
fiist lens is at its foc.il leinjth I rom tlie fiel.i stop, and, tlius, 
collimates the l>e.im In'tore it tails on a reflectiiui diMr.iction .iratiiuj. 
After dlspeision of tlie te.im, the secoinl lens ima.ies tin enei <jy in a 
local plane in which the detector array is ali»jne.l aii.l calibrated. The 
theimal channel vises a lUjiCiliTe vletector (KMked .it 11,5 |i by visituj a liicih- 
p.ir.s filter with cut -on .it H,0 |i. The 11 visible, ne.ir inti.iie.l .in. I 
therm.il channels .tie Jisteii in T.ible 7. 

Dual therm.il refeiencer. and t wi> types cf vi si bl i>/near i.i, reteiences aie 
pivividi'd. The theiiii.il ri'loiv'm:e I’onsists of lw(> i ndepeiidmit 1 y cont tolled 
bl.ickbody sources, a lu-.it t*xcli.inijer aiul a du.il-temper.it me control unit. 
The leferences occupy ixisitionr on either side of the sc.inner port and 
opi-r.ite over a raiuji? f i urn -10 to +50 "C. Either skylight or a c.ilibr.ited 


l.imp with six neuti.il ik'n.-jity I’iltcis c.in be used lot the visible/ne.ir i.i. 
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Channel 

number 

Centre 

wavelength 

nm 

Half width 

1 

410 

60 

2 

465 

50 

3 

515 

50 

4 

560 

40 

5 

600 

40 

6 

640 

40 

7 

680 

40 

8 

720 

40 

9 

dl5 

90 

10 

1015 

90 

11 

llOOO 

2500 


TABLE 7 : M^S SPECTRAL CHANNELS 


channels. Doth sovircos share a common collimatiny optics assembly, which 
fills the scanner entrance aperture (Kiy. 4). 

The signals from the 11 preamplifiers are digitized (8 bit), intermixed 
with housekeeping and reference data and recorded on 11 tracks of magnetic 
ta]X2 . 


5.2.3 Ce ssna equipment 

'Die water colour payload of the Cessna consists of the 
Rapid Scan Spectrometer (RSS) and a thermal radicjmeter (IKTS). 

5 . 2 ... 1 Rapid Scan Spectrometer 

The RSS is a commercial siHJCtroradiomoter 

(Tektronix), w)iich basically consists of a 
vidicon spectrometer (J-20), an oscilloscope (series 7CXX)) and a plug-in 
unit (7 J-20). Since the unique feature of tliis system is its capability 
to detect rapidly changing events, a data recording system (analogue tajHj 
recorder with the associated electronics) is usually added. (More sophistic- 
ated systems digitize the detO(?ted spectrum so that it can be entered 
nto a computer together with otticr reference and calibration Ef)cctra.) 
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Referring to Fig. 5 it can be seen that in the RSS the measured 
radiation is disfjersed by a Czorny-Turner monochromator and focused 
onto the vidicon target, which gathers spectral data at all wavelengths 
simultaneously. The spectral information is then electronically scanned 
from the target and the resultant signal (intensity vs. wavelength data) 
can be displayed on the CRT of the oscilloscope and recorded on nwigretic 
tape. Spectral areas of interest arc identified with a movable wavelength 
marker. Two modes of electronic scanning arc provided in tlie RSS systemt 
Normal repetitive and integrate mode. 

The electronic plug-in provides the interface between the spectrometer/ 
detector assembly and the display or storage system. Thu plug-in contains 
the circuitry for scanning, rignal processing and oniplif ication. As a 
quick-look facility for rapidly changing spectra, a storage oscil loscofxi 
is used. Specifications for the system as used on the aircraft are 
listed in Table 8. 


Grating 


150 lines/mm 

Scan range 


400- BOO nm 

Resolution 


4 nm 

Slit heigiit 


7 mm 

Slit width 


10-1000 pm 

Equivalent f -number 


f/6,0 non- vignetting 

Fi Iters 


neutral density 1,0 
neutral density 2,0 
500 , 800 nm mor.opass 
<400 nm, <500 nm U.v. block 
250-330 nm U.V. pass 

Scan time 

s 

20, 50 or lOOO ms 

Integrate time 

5 

50-1000 ms (20 ms scan) 


TABLE 8 : RSE SPECIFICATION; 



THE SPECTROMETER UNIT OSCILLOSCOPE 



FIG. 5 : SCHEMATIC OF RAPID SCAN SPECTROMETER 


OF VvH'tl 




i 
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S.2.3.2 Precision Radiation 'nuTmt)nH»tur 

The Precision todiation Thermometer 

(PKT« model 5) is a commercial infrared 

radiometer (Barnes), which is usually included in remote sensing 

o{H}rations so as to determine the variation of tite water surface tem{H!ra- 

ture. 

T)jo PKT-5 consists of an optical head and an electronic control unit. 

The optical unit compares the amount of radiant oncryy emitted by t)io 
taryet with tliat emitted by an internally controlled, optically chop|x*d 
temperature cavity, thus providing absolute values of infrared radiation 
levels. The unit uses an immorued thermistor detector to sense the taryet 
temperature. An objective lens and sjxsclal Interference filter are used 
to limit the pass band to the atmos})hore 8 to 14 p window. Witfj the 
2® FOV the instrument covers a ground sixjt size of* 10,7 m (at 305 m 
altitude) . 

Tire PRT-5 offers t)>rce selectable response tim» f> - 5, 50 and 500 m-‘ . 

High and low level electrical outputs are available from tlie electronic 
unit for monitoring and recording purfKJses. 

5.3 Shl£)borne e<juijimont j,K. V^_"G^re"_only2 
5.3.1 Secchi disc 

(i) The Secchi disc has boon U5;ei) since tfie middle of the 
last century to obtain some m*?asure of water ti ansp.u ency . It was used 
widely because of its simplicity although its optical proi>erties were 
not well specified nor was tlie method for its use. 

Tfie Secchi disc exf)oriment measures the attenuation of t)>o contrast of 
a submerged object along a vertical patfi and could be tk!scribi>d in theory 


by tlio equation 


IS 


c 


R 


C 

o 


“(a + K)R 
e , 


where C is the Inherent contrast of the object against its background, 
o 

C is its apparent contrast as seen by an observer at some distance, R 
K 

is the length of the path of sight, and a and K are the attenuation 

coefficients for collimated and diffuse light. If the reflectance of Uie 

water column and that of the disc for the photopic band are known, 

can be determined, wtiilc values for C arc available from tlic literature. 

K 

Thus, in theory t)ie Secchi depth can be used to calculate Uie sum of 
the diffuse and the collimated attenuation coefficients. In order to 
determine a or K individually, additional measurements would have to be 
ma dc . 


(ii) Secchl disc readings are usually obtained on the 
shadow side of the ship to avoid, in so far as p‘JSsiblc, the undesirable 
effects of surface reflection. In this case the disc will be lowered 
right through the ship's underwater shadow, which obviously can result 
in very large errors in tlje depth reading and makes comparison of 
different measurements difficult. 

It is also essential that the disc should remain horizontal, otherwise 
the lighting on its surface will not be correct. The white painted 
surface of the disc must be maintained at a known reflectance. The 
practical value of C should best be determined ex|«rimentally and the 
parameters affecting its value should be s{5ecifiod. 

In siiort, a Secchi disc should be calibrated against modern me.isui ements 
of a and K. However, if modern instruments are available, Secchi disc 
readings do not really render useful additional information. 
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5.3.2 Irtadiance measuremunts 
5. 3. 2. 1 General 

These moasureroents arc undertaken to determine 
the spectral profierties of the underwater light 
field. Its variation with depth, and the mannet in which it is altered 
by the composition of the water mass. 


A measurement of the downwellinq spectral irrudiance 11 (^) at different 

z 

depths z for instance can be used to determine the diffuse attenuation 
coefficient K(X) in various parts of the water column according to the 
rclat ion 


* H., (^> 


-K(X) 

e 


Similarly, mciasur* 'nents of the up- and dowiiwelliny spectral irradiance 
in the water can be used to determine the spectral reflectance R(X) of 
the water column at various depths according to 

o(X) « H(X) upwellinq 

H(X) dowTiwelling 


Usually, radiation measurements underwater arc refer red to simultaneous 
measurements of the downwelling light field above the surface, for instance 
in the form of the spectral irradiance ll^(X). 

Up- and downwelling irradiance iwasurements alxrve and lielow the water 
surface were undertaken on the "Gyre" by means of various radiometers. 
Besides their degree of sophistication and accuracy, these instruiiK'nts 
differed mainly with regard to their spectral coverage, s[>octral 
resolution and with reoat d to the manner in which they were deployed 
from the ship to avoid the ship's shadow. 


i 
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1 5.3.2.2 Single channi?! r.idionw«tfr 

This instriuiM^nt has been desigtted by Iti.-. Its 

' spectral response is broad (halfwidth approx, 

t 

iCX) nm) and {>caks in the green spectral region. Ttie underwater cell is 
referred to a gimbal -mounted deck cell. The sea cell was lowered from 
a crane so as to determine the attenuation of the light as a function of 
depth. This information was used in an experimental simulation of the 
I)rimary productivity. 

5. 3. 2. 3 Four channel rad iometer 

This instrument tias been desigmnl by NCAA/NESS 
for general use by all NET members and other interested ixjople. The model 
us< 1 on the "Gyre" was a prototype to be teste<i ilu> ing ti cruise. It 
measures sequentially the up- and downwclling irtadiance in the water in four 
nariow 8i>cctral bands, which corresjmnd to those of ctianncls 1-4 of the 
Nimbus G/CZCS (sec: Table 1). Alternatively, light from a beill-in 

calibration lamp and "Zero" light from a cavity can be monitoied. The 
optical system makes use o a filtered diode array (Isotek Corp. ) for Bi>ectral 
separation. 

Other design features are: 

(i) a chopjK'd optical iiiput to the tiiode at ray; 

(ii) automatic and manual gain settings; 

(iii) a pressure transducer as depth indicator; 

(iv) a temi>eraturo !;ensor; 

(v) 8-bit A/D conversion arkl paial lei bit transfer of all signals 
through the cable; 

(vi) a digital voltmeter and printer in the deck control unit. 

The instrument was lowered from a crane in a |K5sit.ion jelative to the 
sun whicli minimi ^efi t lie c-ffect i C the shi sli.idow. 


j 





18 - ** 


S . 3 . 2 . 3 S|»octfdl scanning radiometur 

Tills systum was duslijrivd by SIO and built by 

Gamma Scientific Inc and consists of two sub- 
mersible scanning s|x>ctromotors and one matched, gl'ibal mounted scanning 
s[>ectromoter which is used simultaneously on deck. The two submersible 
spectroradiometers (one for upwolling, one for downwelling) are mounted 
in two floats wtiich can drift up to approximately m away from the 
main ship (Fig. 6). All three units are remotely controlled. Data are 
collected through the cables in a digital format with the aid of a cenural 
data acquisition and processing system, which also contains calibration 
spectra. 

S’octral coverage is from 3bO to 750 nm with a resolution of 5 nm. In 
reflectance measurements the inputs of the two sut^nersiblc units arc 
adjusted to the same depth. The units are serviced from a lubner dingliy, 
wliich somewhat limits their use to relatively calm we 'her conditions. 

5.3.3 Transmittance measuremf.rits 

(x) Tiie principle of the U^am transmittance meter is to 
produce a parallel bt.-am of light which, after passing a watei path of 
fixed length x, impinges on a detector (Fig. 7). 



* AL PAGl'J 1.‘. 
l uVR gUALriA 
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The instrunirmt la deslijtied for the purpose >t muasurlnq the attenuation 
coefficient a(X), defined as the sum of the absorption coefficient plus 
total scattcrintj coefficient. Tiieroforo, it has to bo hiijhly efficient 
in excluding the scattered lic^ht. This can be achieved with some accuracy 
if tiie receivint) optics is telescopic witii a very narrow anijular field 
of view. 


(ii) The purpoce of measuring the attenuation coefficient 
at various depths is to obtain quantitative values of a(X) to be used in 
the calculation of the propagation of light, but also to correlate a(X) 
with the concentration of suspended particles, es(H:>clally witli phyto- 
plankton . 


(iii) The in situ transmissometcr on tiie "Gyro" was 
designed and built by SIC. The optical system consisted of a cylindrical ly 
limited light beam 1 m long with a diameter of 19 mm. The mean acceptance 
angle of the receiver is ,5®. The pliotocell is masked wltli one of four 
Wratten filters, whicii, combined with the simctral distribution of tlie 
source and the sensitivity of the detector, have spectral charuct.ei ist ics 
as shown in Table 9. 


Filter No. 

Centre 
wave lengtii 

Half- 

widtl) 

98 

450 nm 

46 nm 

19 

491 nm 

51 nm 

Cl 

516 nm 

55 nm 

25 

615 nm 

34 nm 


TABLE 9 : SPECTKAL CHANNELS OF TRANSMl SSOFOilTER 


PAGfj it 

PO()K (^UAUTY 


Tile t ransmisGomoter system incliidcn a deptii transducer, th< mistor and 
X-Y recorder, so t iiat transmissi vi i y (jicr cent/met or ) and t |>i.-rat me can 
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be recoiled continuously as a function of depth (Kig. H‘ 

Tiie optical system is calibrated so that air transmittance la 85,5 % 
and the blank is O \. (The 85,5 % air setting accounts for the increase 
in the transmittance of the four optical surfaces in contact with water 
when the instrument is itmersed. ) 



OtPTH (MrT'IKI 


iikUilNAL PAGE IS 
OF POOH QUALITY 

FIG. 8 : TYPICAL. KECORDING OF BEAM THANSMl'ITANCE 

(iv) The cransmissomoter was lowered together with a 
submersible pump (model 1 P 809 Dayton Electric Mfg. Co.), which pumi)od 
the sea water tlirough a hose into various laboratories. 

5.3.4 Fluorescence measurements 
5. 3.4.1 General 

(i) Cellular chlorophyl 1 -a fluoiuscencc is a 



1 Xenon spark discharge lamp 

2 Discharge capacitor 

3 Pulse frequency generator 

4 Condenser lenses 

5 Optical filter passing fluorescence-exciting 
wave lengths (omitted if VARIOSENS used 
for turbidity measuremeits) 

6 Radiation directed to intersection zone 

7 Intersection zone 

8 Emitted fluorescent radiation 

9 Optical narrow band filter 

If VARIOSENS used for turbidity measure- 
ments. a neutral gray filter is used 

10 High aperture condenser lens system 

11 Guard ring photodiode 

12 Logarithmic amplifier 

13 Stabilized power pack 
14a Power and data lines 
14b Power line 

14c Connecting box 

14d Main cable to the ship 

15 Mounting plate 

16 Hoist loop 


« IT A Hklt 
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convenient meanutc of phytoplankton 

concentration although it has been found that it d(‘|i>>ndu on the physiolo- 
gical state of the cell. In particular, the intense sunlight that often falls 
on midday surface waters inhibits cell fluorescence. Only below a certain 
threshold irradiance, fluorescence Is indej>cndent of ambient light intensity. 

(ii) The stanil.ird tecimi<iue for chlorophyll-a 
determination nutkes use of a flow-through 
Turner fluoroimster with continuous excitation, wiiich renderg a continuous 
record of tlie fluorescent signal on a strip-chart recorder. This system 
is used on stations so as to obtain a depth profile, but also while the 
ship is moving witli the aid of a water inlet in the bow of the ship. In 
the latter case a continuous record of surface clilor«)piiyl I is obtaineil along 
the track of the ship. Care has to lx* t.iken t luit no .lii bubbles are intro- 
duced into the flow-t hrougli system. 

5 . 3 . 4 . 2 Var iosens In Situ Fluotoineter 

(i) Tlie Variosens Fluoronx*ter has bet*n desi>|ned 
and built by Impu 1 sphysik GmbH. It consists 
of a transmitter and a receiver (Fig. 9). Intense blue light pulses from 
a t lash lamp illuminate a small water volume to be tested. They «‘xcite 
fluorescence which is detected from a suitable [)hotodiode in conjunction 
with a peak-height detecting circuit. This circuit deliver.*; a contimiou.*; 
signal to lx? recorded in spite of the transient t.’xcit.itiorj (approx. 5 
fl.;shes/s). Tiie spc'ctral resfxmse of the filler combination (flasli- 
l.imp and detector) is mat died to the absorption and tluoret.ent speettum 
of chloropl>yll-a (Fig. lO). 

(ii) T)>e instrument is sul>mersiblc and thus can 
be used either stationary (deptli profile) or wliile the ship is moving 


slowly. 
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KIG. 10 : ADSORPTION AND FLUORESCENCE OF CHLOROPIIYLL-A 

During this cruisp tho Variosous was aus|Hni<loil 1 m l>clow thu watpi mirface 
from a c|x»cial float, which could bo at r.|«*cil.s o( up to lo kiiotu. Tho 

fluorescent signal was tr.insferrod thiough a c.ible to the electronic control 
unit on deck of the ship. 

OlilGlNAL PAG,-; 

'<»' Ptxm yUAUTY 

6 . CONCLUDl NG_ RKMARKS 

6.1 Cruise data 

Although weather conditions were not always favourable, the 
combined mcasuremt*nts taken on the variovts platforms will tender a 
large amount of basic and CZCS-related <iat.i. 

A preliminary discussion of the results will take place during the 
next NET meciting to take place in Miami at Deci-mber 7-H, lt)77. It is 
expected tliat during this meeting it will also lx; tlecide<l in which foimat 
the final data will be compiled and edited. 
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